Objectives. To determine how sensitive estimates of lesbian, gay, bisexual, or questioning (LGBQ)-heterosexual youth health disparities are to the presence of potentially mischievous responders.
V alid findings are the bedrock of scientific advancements. Whereas threats to validity such as replication failure 1,2 have garnered much attention from the scientific community, other, perhaps more prevalent, threats have gone relatively unmentioned in public health. We focus here on threats attributable to "mischievous responders"-respondents who mislead researchers by providing extreme and untruthful responses to multiple items, perhaps because they find it "funny" to do so [3] [4] [5] -and the bias they introduce into health estimates. Mischievous responders intentionally overreport unusual and often undesirable behaviors, do so in patterned rather than haphazard ways, and disproportionately (falsely) claim to be minority youths. [3] [4] [5] Thus, mischievous responder bias is distinct from well-known threats to validity, such as recall error, underreporting stigmatized or illegal behaviors, or apathetically providing random answers, 6, 7 and may be a more serious threat than the others for research on minority youths. Here, we examined how potentially mischievous responders can bias comparisons of youth health along the dimension of sexual identity. That is, we estimated the effects of potentially mischievous responders on a range of health outcomes comparing youths who identify as lesbian, gay, bisexual, or questioning (LGBQ) with heterosexual-identified youths via anonymous self-administered questionnaires. The topic of mischievous responders and the novel approach we propose for identifying them have broad implications for health, social, and psychological science comparisons of groups on the basis of race/ethnicity, gender identity, citizenship, disability status, and more. By comparison with other data-gathering methods such as interviews, self-administered questionnaires are inexpensive, easy to administer, and can preserve anonymity when gathering sensitive health and sexuality data. [8] [9] [10] [11] Thus, it is not surprising that they provide a core method of obtaining nationally representative data used to support policy and represent the principal mode for gathering large-scale data on LGBQ youths. [12] [13] [14] [15] Despite the obvious benefits of this mode of data collection, a growing number of studies calls into question the validity of these data, 4, 5, [16] [17] [18] raising concerns that mischievous responders may masquerade as extremely risky and deviant LGBQ youths on self-administered questionnaires and distort the results of research based on such data. 5 Previous attempts to identify mischievous responders relied largely on verifying youth responses on self-administered questionnaires with parent reports or in-person follow-ups 3 or asking respondents if they answered all questions honestly. 19 Parental interviews, for instance, revealed that 19% of "adopted" youth in fact were not adopted. 3 Similarly, in-person follow-ups revealed that 99% of "amputee" youth had all limbs, 3 and 12% of youth admitted not answering all items honestly. 19 Although it may work well to ask parents whether their children were adopted, 3 it would be unethical to ask parents to verify their child's reported sexuality. Also, verification-parental or in-person-is often expensive and cannot be done anonymously, and asking youths whether they responded honestly may not yield an honest response.
We propose a novel approach to identifying potentially mischievous responders in existing large data sets by using machinelearning techniques to identify unusual patterns of responses to screener items (e.g., frequency of eating carrots, height) presumably unrelated to LGBQ identification on self-administered questionnaires. After identifying the most likely mischievous youths, we can assess the robustness of estimates of LGBQ-heterosexual youth health disparities to the inclusion of the suspect data.
METHODS
We utilized a large public health data set first to identify potentially mischievous responders, and then to examine how the inclusion of these mischievous responders may have an impact on estimates of LGBQ health disparities. Several follow-up analyses refined this analysis by examining the sensitivity of specific health outcomes to potentially mischievous responders as well as the sensitivity of the approach to the composition of the screener items.
Data
We used data from the YRBS, which has contributed to a large literature base [20] [21] [22] [23] [24] and is publicly available from the Centers for Disease Control and Prevention: https://www.cdc.gov/healthyyouth/data/ yrbs/data.htm. For the main analysis, we restricted the weighted data to states and districts from the 2015 wave of data collection (with a beginning n = 197 416) with nonmissing values for sex (reducing to n = 195 769) and sexual identity (reducing to n = 148 960). The large reduction attributable to the sexual identity item was because many locations did not include that item on their survey (Text A, available as a supplement to the online version of this article at http:// www.ajph.org, for these locations). This final analytic sample included 72 641 male participants and 76 319 female participants.
Locations 
Outcomes
The YRBS asked high-school students a range of questions relating to risk-taking behaviors and attitudes. We selected 20 items commonly examined in the LGBQ literature as outcomes for our study (see the User's Guide 25 for specific phrasing of items): rode in a car with a drunk driver, drove drunk, skipped school because felt unsafe, fought at school, was forced into sex, their partner forced sex on them, was bullied at school, felt sad/hopeless, considered suicide, planned suicide, attempted suicide, smoking, alcohol use, cocaine use, heroin use, ecstasy use, steroids use, number of sexual partners, physical activity, and TV watching.
We coded outcomes continuously (e.g., reporting "20 to 39 times" was coded as 29.5), and we also ran specification checks to test if the patterns persisted when outcomes were instead coded dichotomously (i.e., some risk vs no risk).
Identification of Potentially Mischievous Responders
To identify potentially mischievous responders, we exploited the relationships between reporting being LGBQ and responses to other survey items that are ostensibly unrelated to actually being LGBQ. For example, we would expect that no meaningful relationship exists between sexuality and the frequency with which an individual eats carrots, fruit, salads, or potatoes. Similarly, we expect that height, asthma, and dentist visits are not associated with sexuality. Thus, we would expect that a logistic regression predicting sexuality (LGBQ vs heterosexual) as a function of height, asthma, dentist visits, and eating habits would not predict sexuality. However, these predictor items share a common feature with sexuality on selfadministered questionnaires-they all contain response options that some youths would find funny to answer affirmatively. 4, 5, 16 For example, a mischievous responder might find it funny to report that he eats carrots, fruit, potatoes, and salads each "four or more times a day"; is extremely tall; is unsure whether he has asthma; has never been to the dentist; and that he identifies as "gay," even if none of these is true for this individual in reality. Thus, the presence of mischievous responders creates spurious relationships between these predictor (screener) items and sexuality that would not otherwise exist if all individuals were responding truthfully. We capitalized on these spurious relationships to identify youths providing the most unusual patterns of responses to these other survey items that we use as a screener, then estimated what disparities in health outcomes were without these individuals in the analysis.
We used boosted regressions 26 (a machine-learning technique) to predict reporting LGBQ identification as a function of the screener items (e.g., carrot eating, height). We arrived at the functional form of the boosted regression through a computationally intensive cross-validation procedure that allows for the iterative discovery of higher-level interactions among predictors to better estimate the dependent variable.
26,27
Such advanced machine-learning techniques are gaining popularity in applied statistics and economics for their efficiency in identifying complex relationships and for the crossvalidation procedures used to identify these relationships, which rely on fewer researcher assumptions about the functional form. [27] [28] [29] Thus, although this approach requires researchers to choose the items to include in the screener, it does not require researchers to identify which outcome responses may be tempting to mischievous responders, nor how these items relate to one another.
26-29 The model f Á ð Þ to be discovered via boosted regression was
where i indexes individual respondents, K is the number of screener items used (7 in the main analysis, though we varied K to 1, 5, 6, and 8 in supplemental analyses), and location fixed effects account for jurisdictions being allowed to select which items to include (so that this selection did not affect potential mischievous responder identification for other locations; however, note that supplemental analyses revealed that locations themselves did not alter estimates of LGBQheterosexual disparities in the screening process). We included survey weights as predictors in this stage. 30 The boosted logistic regression generated a propensity 27 for each individual to report being "LGBQ" on the basis of their unique response combination to the ostensibly unrelated screener items. These propensities served as proxies for the likelihood an individual is a mischievous responder. Table 1 shows how screening based on these propensities altered the proportion of youths reporting LGBQ identities in the main sample. 
The Effects of Potentially Mischievous Responders
First, we estimated health disparities for 20 outcomes by using location fixed-effect regression models with the full data set. For all models, we obtained asymmetric percentile-t confidence intervals (CIs) via 1999 clustered bootstrapped replications, with resampling at the primary sampling unit and jurisdiction levels, to account for the complex sampling design and clustering of observations. Next, we removed the top 1% of cases in terms of likely mischievousness (i.e., cases exhibiting the most unusual response patterns to the screener items) and re-estimated health disparities with the remaining 99% of the data. Then, we proceeded to remove another 1% and re-estimate disparities again, and so on, to see whether the original estimate was robust to the removal of potentially mischievous responders and-if it was not robust-if and when the disparity estimates began to stabilize. The objective of our proposed procedure was not necessarily to remove data to arrive at the one "true" estimate, but rather to assess the stability or robustness of the original estimate to the possibility of mischievous responders. Instability suggests that caution is warranted in interpreting the original estimate.
In addition, we tested whether the change in the average disparity from the model with the full data set to a model with some observations removed was statistically significant, which indicates how sensitive estimates are to likely mischievous responders. To test for significant changes across models, we performed 1999 clustered bootstrapped replications of the entire process described to this point, including the boosted logistic regression. This bootstrapping process not only allowed us to test for significant differences across models but also had the added benefits of accounting for error in the propensity scores generated via the boosted regression and allowing us to estimate the covariance matrix across changes to adjust for when aggregating. Supplemental Text A provides technical details. In addition to looking at overall patterns in youth health disparities, we examined individual outcomes. The methods were the same as those described previously.
Response-Option Extremity
To advance theory on mischievous responding patterns and to better understand the attributes of outcomes most affected by mischievous responders, we examined whether the variation across the 20 outcomes was systematic and could be explained by a feature of the outcome items. Specifically, because mischievous responders are expected to choose the most extreme response options, [3] [4] [5] [6] 16 we hypothesized that outcomes with fewer respondents choosing the most extreme options would be most affected by attempts to remove mischievous responders. To test this hypothesis, we estimated a random-effects model predicting the change in the estimated outcome disparity as a function of the percentage of respondents choosing the most extreme response option. In addition, we tested whether this mechanistic explanation held when the continuously coded outcomes were recoded dichotomously as "no risk" versus "some risk."
Sensitivity Checks and Supplemental Analyses
In addition to the primary questions, we performed 3 sets of supplemental analyses to assess the robustness of our findings. First, we estimated mischievousness effects by LGBQ-identification subgroup to see if all subgroups were affected equally by screening. Second, we added and removed screener items used to identify potentially mischievous responders to assess whether the items selected for inclusion in the original screener were unique in producing the pattern of results observed for changes in disparities, or whether similar patterns would have been observed with slightly different screener items. Third, we performed a preregistered replication of our main analyses with the National 2015 YRBS. Table 2 illustrates that the average LGBQheterosexual youth health outcome disparity among boys was 0.37 SDs (95% CI = 0.29, 0.45) when we used all data, but reduced to 0.30 SDs (95% CI = 0.22, 0.39) when we removed the top 5% of observations identified by the boosted logistic regression, a significant reduction of 18% or 0.07 SDs (95% CI = 0.04, 0.09). The average disparity dropped further, to 0.27 SDs (95% CI = 0.18, 0.35), when we removed the top 10% of observations. That is, removing the 10% of youths who provided the most unusual patterns of responses to items such as height, vegetable eating, and dentist visits reduced average estimates of LGBQ-heterosexual male health disparities by about 28% from the original estimate, a significant reduction of 0.11 SDs (95% CI = 0.07, 0.14). Removing the top 25% left the average disparity at 0.20 SDs (95% CI = 0.11, 0.29), a reduction of 46% or 0.17 SDs (95% CI = 0.11, 0.23).
RESULTS
Changes in average disparities among girls followed a similar albeit attenuated pattern, dropping an average of 13% or 0.04 SDs (95% CI = 0.02, 0.06) and 23% or 0.07 SDs (95% CI = 0.03, 0.11) when we removed 5% and 25% of the data, respectively. Also, the average estimates converged to a stable value (around 0.24 SDs) relatively quickly among girls, but failed to stabilize among boys (although some individual outcomes stabilized for boys [ Figure 1 ], and the male average stabilized in a replication study). The attenuated pattern among girls was expected because research using a verification method found that male adolescents tend to be more mischievous, and a small subset of mischievous male adolescents even report being "female" while completing surveys, thus making female adolescents appear more mischievous than they are. 3 Importantly, the reductions in disparity estimates observed for removing potentially mischievous responders were statistically significant when as little as 1% of the data were removed among both male and female participants (Table 2) . Thus, even a very small group of potentially mischievous responders can bias estimates of LGBQ-heterosexual youth health disparities.
Screening Does Not Affect All Outcomes Equally
While Table 2 presents how the disparities look on average, the 20 outcomes exhibited substantial variation in the extent to which they were affected by potentially mischievous responders (Figure 1 ). Estimates related to drug-and alcohol-use disparities were more affected than were Note. Our sensitivity analysis approach was to remove a fixed number (i.e., unweighted amount) of observations at each removal step (e.g., 5% screened out, 10% screened out). The percentages in the table reflect the weighted sample that remains at each of the selected screening thresholds.
those related to bullying and most suicide-related disparities, especially among boys. For example, the male LGBQ-heterosexual ecstasy-use disparity reduced from 0.31 SDs (95% CI = 0.08, 0.71) in the full data set to 0.04 SDs (95% CI = -0.08, 0.18) when we removed the top 25% of responders, a significant drop of 87% or 0.27 SDs (95% CI = 0.10, 0.64). By contrast, the male LGBQ-heterosexual disparity in being bullied at school was virtually unchanged, from 0.39 SDs (95% CI = 0.22, 0.57) to 0.38 SDs (95% CI = 0.15, 0.61). Thus, it is highly unlikely that mischievous responders were responsible for disparities in bullying and most suicide-related outcomes (Figure 1 ), but they may have contributed considerably to disparities in substance use, to the point where many substance-use disparities became statistically nonsignificant. Estimated changes in any individual outcome were less precise than were changes on average. Also, individual outcomes for girls were less affected by screening.
Response-Option Extremity and Mischievousness Differences
Analyses in Figure 2 provided strong support for the hypothesis that outcomes with fewer respondents choosing extreme options are more susceptible to mischievous responder bias, with B = 0.75 (95% CI = 0.59, 0.91) among boys and B = 0.75 (95% CI = 0.54, 0.95) among girls. This helps explain why some outcomes were more affected by screening than were other outcomes. These relationships persisted even if the outcomes were dichotomized to "no risk" versus "some risk," with coefficients of B = 0.67 (95% CI = 0.42, 0.91) among boys and B = 0.75 (95% CI = 0.48, 1.01) among girls. In fact, all of the patterns discussed thus far were robust to outcome dichotomization (Figure Q, available as a supplement to the online version of this article at http://www. ajph.org). This suggests that many of the individuals selecting these low-frequency, high-risk response options were likely mischievous responders who had both exaggerated their extreme risk and falsely reported their sexuality. Moreover, they biased estimates regardless of whether the outcomes were coded continuously or dichotomously.
Sensitivity Checks and Supplemental Analyses
First among the supplemental analyses, results by LGBQ identification subgroup revealed almost no detectable differences in how potentially mischievous responders affected subgroups among male adolescents, but revealed substantial variation among female adolescents in how potentially mischievous responders affected the subgroups, with girls reporting "questioning" affected disproportionately by screening (Tables C-E, available as supplements to the online version of this article at http://www.ajph.org). Second, we found that the patterns of the effects for removing potentially mischievous responders were robust to changes in the composition of the screener itself (Figures R-T, available as supplements to the online version of this article at http://www.ajph. org), suggesting that the ultimate composition of the screener (1) is largely insensitive to the removal or addition of a small subset of items and (2) may be less consequential than whether researchers perform sensitivity analyses using any one of a set of reasonable screeners. Third, replication results with the National 2015 YRBS were largely consistent with those of the original analyses described previously (Figures U-V, available as supplements to the online version of this article at http://www.ajph.org). Texts B and C (available as supplements to the online version of this article at http://www.ajph.org) contain additional details about these supplemental analyses.
DISCUSSION
Our analyses revealed that potentially mischievous responders significantly affected overall estimates of LGBQ-heterosexual youth health disparities, especially among male youths, though some important disparities persisted. Drug-and alcohol-use disparities were among those most affected by Note. CI = confidence interval; LGBQ = lesbian, gay, bisexual, and questioning. All estimates are reported as standardized differences and can be interpreted using typical effect size standards. All estimates (both overall and difference) are statistically significant at P < .004. This table presents a concise subset of screening values; see Table A (available as a supplement to the online version of this article at http://www.ajph.org) for similar information for each percentage of students screened up to 25%. Male n = 72 641 (6909 LGBQ). Female n = 76 319 (14 142 LGBQ).
a Difference in average disparity from model using the full sample to a model using a screened sample.
suspect data, whereas disparity estimates for being bullied, feeling sad or hopeless, and thinking about suicide were not noticeably affected by suspect cases. These differential patterns of screening effects across outcomes were strongly and reliably predicted by how few respondents selected the most extreme outcome response options. All of these patterns were robust to screener modifications and replicated in a different, nationally representative data set. We focused on data gathered via anonymous, in-school, self-administered questionnaires. The effects of screening are likely to vary across methodological and contextual dimensions. 5, 6 For example, studies using Add Health-which assessed sexuality differently (attraction), following a face-to-face, nonanonymized, in-home questionnaire, and asked questions of the parent or guardian as part of the survey-may or may not find significant effects of screening. 6, 31, 32 
PUBLIC HEALTH IMPLICATIONS
As demonstrated in this work, the inclusion of screener items in anonymous public health surveys provides an important opportunity to identify and remove potentially mischievous responders. Furthermore, following our example, we recommend that public health researchers estimate a series of disparities to assess sensitivity to different data-exclusion criteria. Although one can never be certain that the individuals identified as most likely to be mischievous responders are correctly identified, multiple model specifications and validity checks help ensure the integrity of the screening process and the conclusions drawn from the data. This process acknowledges the uncertainty in the estimates by using self-reported data and makes transparent the attempts to address the threat of mischievous responders. Moreover, using Note. driv. = driver; Phys. activ. = Physical activity. Asymmetric percentile-t 95% confidence intervals were constructed from 1999 bootstrapped replications. If the 95% confidence interval (in gray) does not cross the horizontal red line at 0, the disparity is statistically significant (P < .05). Table B (available as a boosted regressions should yield more efficient and less assumption-laden identification of mischievous cases than previously used methods such as screening on a simple count of extreme responses 5 or regression adjustment. 31 Using the approach introduced in this article, researchers can take proactive steps to ensure the validity of their conclusions and of the public health policies they shape.
Our results related to outcome response-option extremity yield additional considerations at the survey development and results interpretation stages of public health research. That is, we found strong evidence that outcome items with high-risk, lowfrequency response options (e.g., reporting using ecstasy "40 or more times") were most affected by screening, and thus most likely influenced by mischievous responders.
Understanding the types of outcome responses (e.g., high-risk combined with lowfrequency) that mischievous responders are likely to select can help researchers in at least 2 ways. First, in the survey-development stage, researchers may consider altering outcome response options to reduce the options most attractive to mischievous responders. Second, in the results interpretation stage, exploring attributes of the outcome items Note. Phys. activ. = Physical activity. For each sex, items to the left (with less frequently chosen extreme responses) are generally more susceptible to mischievous responder bias than are items to the right (with more frequently chosen extreme responses). Each random-effect model had 500 observations (20 outcome items times 25 percentiles at which disparities changes were estimated). Changes in disparities were predicted by item response-option extremity (natural-logged), indicators for percentage of data removed, and random effects for item. Robust SEs were adjusted for clustering at the item level. In the analyses, the item response-option extremity variable was naturallogged because of positive skew in the original, unlogged variable; for ease of interpretation, the unlogged values are presented in the figure. a Proportion of respondents choosing the most extreme response option. themselves-specifically, item responseoption extremity-may help researchers interpret why some of their outcomes are more affected by screening than are other outcomes.
To facilitate the use of screening analyses with the 2015 YRBS data, we make all of our main screening weights freely available for download from the Open Science Framework at https://osf.io/xkvgq, and Text D, available as a supplement to the online version of this article at http://www.ajph.org, explains how to use these weights. Thus, researchers can readily assess the robustness of their own findings with the 2015 YRBS data. Researchers working with other data sets can follow the procedures in this article to create their own screening weights. Because the literature on mischievous responders and screening techniques is still relatively nascent, we refrain from making strong suggestions concerning specific items to include in screeners or when to stop screening out observations. We reiterate, however, our recommendation of estimating a series of disparities and assessing stability in those estimates. As the field's knowledge increases, guidelines for optimal screening may become clearer. Future research should continue to explore when, why, and how mischievous responders are influencing the robustness of estimates of health disparities. CONTRIBUTORS J. R. Cimpian conceptualized the work and designed all analyses, acquired and cleaned data for the final studies, performed all main analyses for all studies, interpreted the results, and wrote and revised the article. J. D. Timmer assisted with supplemental analyses and interpretation and suggested substantive revisions. M. A. Birkett, R. L. Marro, B. C. Turner, and G. L. Phillips II acquired and cleaned data used for a pilot study and suggested substantive revisions. All authors approved the final article and agreed to be accountable for all aspects of the work.
